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¼dwg7`hMlksd>`unjwzMgjwu{` ∃x(A(x)∧B(x))→ (∃xA(x)∧∃xB(x)) nt^f`x©w)J|wuŁrJcfiﬂ>rJpnwx
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¦>¥ ê ­ ªr 
¿ ¸1õ ∃x(A(x) ∧B(x)) ` ∃xA(x)




¦>¥ ê ­ ªr 
¿ ¸1õ ∃x(A(x) ∧B(x)) ` A(?1)






A(x) ∧B(x) ` A(?1)
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cf`h`ue¢.¼dwgrJcMpn0lkcMvh` ∀x ∈ A ∃y ∈ B P (x, y) → ∃f∀x ∈ A (f(x) ∈ B ∧ P (x, f(x))
x©wg%®ÓlkcMe
a ∈ A ∧ ∀x ∈ A ∃y ∈ AP (x, y) → ∃u (u(0) = a ∧ ∀n ∈ N (u(n) ∈
A ∧ P (u(n), u(n + 1)))) xwkgnt^f` lofr>w)sûwxeM`h`cMeM`cnXv0^fw)r>vh`.]_^M`pq`-g}`pjaM¬ntp£ºŁ^MrJvt^
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ef`x»cM¶f¢·´u®&tpjafdp}`\n&zñõ ∀ 	¸ ® ñS
bpnw`c¸$£D¾ → 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¦ → 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5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ef`x7rJc{)`hgjp}`x7®I8õ ® £Dx5G¦0
ef`x7rJsXlmi`x®I8õ ∃ ~	¸ ® 7õ8x$~)
ef`xv\w)cMcM`v0nj`e®Ûõ ∀ y' ÔÎ¸ w`cÈ£D®úpjafdpq`hn£DyóaMcMr>w)cÔ"¦ → ∀  £}£Oyór>c)n}`gÔ"¦G¦ →
£D® p}afGpq`\ny«wg® p}aMdpq`hnÔ"¦}¦0
ef`x7v\w)c)ntr>cAafw)aMpxèõ ∀ ® £OwkS`c® → w`c£DrJc{)`hgjp}`x7®ﬂ¦q¦0
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 ­oA>rJcMe:5w)cfgtlke lkcde lkD[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>¤²mOM)njg}wknt^f`hg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lmMMgj`\{fr©lonjr>w)cMpp}advt^lkp ∀x, y A x©wg ∀x∀y A  ∀x∈A B xwkg ∀x(Ax→ B) wg ∃x<y B x©wg
∃x(x < y ∧B) lkpŁ`>lkpnjgtlkeMr|ntr|w)cdlk5Mgjr>wgjr¬ntr>`pnjwKlh{w)rJe cAaMs`g}w)aMp_Glmg}`ucnt^f`p}`phG]_^f`
v\w)s6s6w)c lkp}p}wAvhr©lontr¬{Mr¬n~-gjaM>`"x©wg_nj^M`"lmg}gjwuŁ £

































A → B → C rJcMpqn}`olkew)x8nt^f`¯£Dswg}`	v\w)s6s6wc¦
A ∧B → C ¸fnt^MrJp_rJpp}r>s6d|~K`uvlkaMpq`ﬂnt^Mr>psXlmµ`pbnt^f`Mg}wAw)xp"£Dldr|n\¦bp}^fwgqnj`gr>c ^fw
 0G$
wgqng}`ulkD
bpn»cf¶M¢·´u5¡&¢&~	¸fgj`ulk → g}`ulk → Mg}w5
ef`x»cM¶f¢·´u5¡&£&~8õI~i¢S
ef`x»cM¶f¢·´u5¡& ≤ &~8õIi¢~ ∨ 7õ~)
ef`x»cM¶f¢·´u5¡& ≥ &~8õI~ ≤ <
bpn>»cf¶f5 o$¡&j³¤&~	¸Mg}`ulk → g}`ulk → g}`olkO
bpn>»cf¶f5 o$¡&¥&~	¸Mg}`ulk → g}`ulk → g}`ulkO







ef`x»8õól ≤  ∧  ≤ 5
ef`x7s%loïbsÓõ ∀ ~ ∈ I~ ≤ s
ef`x7ð	loïb õ ∃ s sXloïbsÎ'
ef`x7pjaf sÎõ s%loïbsÓ ∧ ∀ ~£DsXloï~K → s ≤ ~d¦0
ef`x`s6fn~8õ¨§ﬂ'©A¼lmJpq`ª
ef`xG>aMp_ólØõ¨§¡©) ∈  ∨ 8õól«ª)
»cMedaMv0ntr¬{)`"¼.r>cdr¬nj`õ ¾s6fn~<¸d¼.r>cdr¬nj``s6fn~
©dJaMp¸ ∀  l£D¼.r>cdr¬nj` → ¼.rJcMr|n}`%£OG>aMp_ól)¦}¦t
ef`x»s%lmik`® ^Íõ¨§ﬂ~'© ∃  ∈ ®I~:õú^K¬ª)
vh©lkr>sÎwkgu¤ ∀ S ~ ¬ £ºi¢~ ∧ ~i¢G¦t
vh©lkr>sÎwkg\± ∀ S ~) ÇX£ºF¢~ → ~F¢îÇ → F¢*Ço¦0
vh©lkr>sÎwkg0 ∀ S ~£º ≤ ~ ∨ i£~d¦0
vh©lkr>sÎwkgj¥ ∀ S ~£ºF¢b~ → ∃ Ç%£ºF¢îÇ ∧ Ç%¢~d¦}¦0
vh©lkr>sÎwkg\´ ∀ `£îÇh`g}w ∀ Ki£A³Ñ`
vh©lkr>sÎwkg
ü ∀ `£îÇh`g}w ∀ Ki¢	¥`
vh©lkr>sÎwkg\Ð ∀ %K³3:õÇh`hg}wd
vh©lkr>sÎwkg0Ï'w)cM`£Çh`hg}wd
vh©lkr>sÎwkg0­ ∀ S ~) f²M ~f² £º"¢bM² → ~"¢b~M² → =¥~F¢f²V¥~M²¦t
vh©lkr>sÎwkgu¤²6l7¢E5
vh©lkr>s loGph¤ ∀  lmdp*Çh`hg}wAõÇh`hg}wd
vh©lkr>s loGpt± ∀ ¢ ~ lmdp"£º³D~G¦=õóloGp£º~³DG¦0
vh©lkr>s loGpj ∀ `£*Çh`hg}w ∀ S s £7 ≤ s → "£_s³Ñ` → lmdp£ºA³s%¦a¢_`o¦0
vh©lkr>s loGpq¥ ∀ `£*Çh`hg}w ∀ S s £7"¢_s«¥z` → "£_s → lmdpu£A³s%¦k¢`o¦0
vh©lkr>s loGpt´ ∀ ¢ ~ Ç'lmdp£ºA³D~d¦ ≤ lmdp"£º³Çm¦`¥ólmdp£<Çh³D~d¦0
vh©lkr>s luM>aM ∀ Ó£ ∃ -I → ð<lmï → ∃ s £Dpjaf sÓ¦}¦0
vh©lkr>s eMr¬{¢¤ ∀ "£îÇh`g}w	¦nŁw£íÇh`g}wd
vh©lkr>s eMr¬{G± ∀ "£îÇh`g}w	¦nŁw¢¢
vh©lkr>s eMr¬{d ∀ K	¦unŁbw¥I	¦unŁbw\õ¢
¤o´
Mg}wvhws6Glkv0n ∀ ^£ ∀  ^-i£Çh`hg}w → ∃ ®ú¼.r>cdr¬nj`%£D® ⊂ » ∧ ∀ ¢£Ñl ≤  →  ≤  → ∃ ~ ∈ ®
lmdp"£º³D~G¦k¢À£D^K~G¦}¦}¦q¦0
r>c)njg}wK±A










ef`xv\w)cntr>cAafw)aMp_xSõ ∃ i £ ∀ `£îÇh`g}w ∀ 	£Oi`zd¦a£îÇh`hgjw ∧ ∀  ∈ » ∀ `?£éÇ`hg}w ∀ ~ ∈ »£Ñlmdpﬂ£º
³~G¦k¢Ei6`8 → loGp£Dx$%³x5~G¦3¢`m¦q¦0
ef`x7yﬂxrõ ∀ `£îÇh`g}w ∃ v£*Çh`hg}w ∀ S ~ ∈ »8£Ñlmdp"£º³D~G¦k¢_v → lmGp£Dx5A³x$~d¦k¢_`o¦0

























































































mªL¢L¡ ∀x, f( v\w)c)njrJcaMw)aMph¤ f x→ vhwc)ntr>cAafw)aMp0± f x).
mªL¢L¡ òk®ò











ì1ý÷· e > 0






ø÷· ∃a>0 ∀y( e x y < a→ e (fx)(fy) < e)




¡L«J¬/ê'©_¹» ∃ » ∧  
mªL¢L¡ òk®ò
ì ÷· a > 0
ì1ý÷· ∀y( e x y < a→ e (fx)(fy) < e)






ì1ý÷· ∀y( e x y < a→ e (fx)(fy) < e)
ø÷· ∃y>0 ∀z≤y z < a










ì1ý÷· ∀y( e x y < a→ e (fx)(fy) < e)
ìzò ÷· a′ > 0
ì= ÷· ∀z≤a′ z < a




¦>¥ ê\­ª ©K» ∀ » ∃ » ∧ » →  
mªL¢L¡ òk®V
ì1ý÷· ∀y( e x y < a→ e (fx)(fy) < e)
ìzò ÷· a′ > 0
ì= ÷· ∃z≤a′ z < a
` ö¤ > 0
mªL¢L¡®\®V
ì1ý÷· ∀y( e x y < a→ e (fx)(fy) < e)
ìzò ÷· a′ > 0
ì= ÷· ∀z≤a′ z < a
ì1½ý÷·
e
x y ≤ ö¤








































































































þß ` A→ B   
	 H := A ` B     A      B 	
` A ∧B   




` A ∨B    ﬀﬁ	 ﬂ   ﬃ þ  ü ﬃ ! ` A "      #        A	
` A ∨B     	 ﬂ ﬃ þ  $ û  ! ` B "      #       B 	
` ∀xA[x]   
	 ` A[x]    x %   &  %' (  	 )    A[x]	
` ∃xA[x]   






 ` A[t]  %' (      ﬀ   +  # , 
. ﬀ         /  0 	
` ¬A   








 H := A ` A 4   5 	   #   ﬀ (       6 & H    7             ﬀ  	
H := A→ B ` B  ﬀ  5 	 H := A→ B ` A 6 & A→ B,        #        A	
H := A ∧B ` B  ﬀ  5 	   #   ﬀ (       6 & H    7             ﬀ  	
H := A ∧B ` A  ﬀ  5 	   #   ﬀ (       6 & H    7             ﬀ  	












H := B ` C       4  B       C 	










H := ∀xA[x] ` C 8 8 ﬀ & 5      	 H := ∀xA[x]. ` C 6 & H    7  A[t]	
H0 := A[t]




ü   H := A ∧B ` C ﬀ  ,  5 	 H := A,H0 := B ` C 6 & H    7  A      7  B 	
H := A→ B. 8 8 ﬀ & 5     50 	 H := A→ B. )  (     7  A→ B   A    7  B 	
H0 := A ` C H0 := A,H1 := B ` C






	 H := ¬A ` A <    % &  %            A	
` A  ﬀ  =  ﬀ 
	 ` False     ﬀ   + ,   (     (    	
H := ¬A,H0 := A ` C  ﬀ  5     50 	   #   ﬀ (       H   H0 #  7   (     (    	




H := B ` A
±m
²
